in age group 35-39 years; OR = 1.83, CI: 1.22-2.74 in the age group ≥ 40 years). In the multivariate regression analysis, the adjusted ORs for perinatal mortality were 1.03 (95% CI: 0.77-1.39) and 1.66 (95% CI: 1.03-2.66) for age groups 35-39 and ≥ 40, respectively. Conclusions: Women older than 40 years carry an increased risk for stillbirth. Important amendable risk factors are obesity and poor antenatal care.
Introduction
In industrialized countries a growing number of women delay reproduction until later in life [1] . Consequently, the effect of advanced maternal age on perinatal mortality is becoming of increasing interest. However, the impact of maternal age on perinatal mortality is controversially discussed. While several studies [2] [3] [4] [5] [6] have failed to find a higher risk for adverse pregnancy outcome in
Patients and Methods
This is a retrospective cohort study involving all 56,517 singleton hospital deliveries, which occurred in the state of Tyrol, Austria between January 1, 1999 and December 31, 2008 in women 25 years and older. In this time period the hospital deliveries accounted for 99.9% of all deliveries in Tyrol and 95.4% of women delivering were living in the state of Tyrol.
In Tyrol there are 10 district and council hospitals and one University hospital. The region is inhabited by a population of almost 700,000 people and characterized by a high economic standard. About 10% of the inhabitants are of foreign nationalities, comprising 25% from former Yugoslavia, 16% from Turkey and 44% from other countries of the European Union [13] .
The data for this study were retrieved from the Perinatal Register of Tyrol. In this database, obstetricians and midwives of all the hospitals of the state of Tyrol provide data structured according to the German Quality Assurance Program (Datensatz Geburtshilfe 16/1; specification 14.0 SR. AQUA Institute for Applied Quality Improvement and Research in Health Care, Göttingen, Germany) [14] . Besides demographic information, the data essentially consist of basic data on the course of pregnancy and delivery as well as the perinatal outcome. Information on perinatal mortality is completed by record linkage with the official mortality data for Tyrol (provided by the national statistical organization Statistics Austria) and the neonatal department of Innsbruck Medical University Hospital, which is the tertiary referring institution for all hospitals in Tyrol. Plausibility checks and checks for completeness of data are an integral part of the software, and quality checks are conducted on a regular basis. The deliveries were analyzed according to maternal age at delivery in 3 groups, namely of women 25-34 years, 35-39 years and ≥ 40 years. The group aged 25-34 years was used as reference group regarding age-related comparisons.
Perinatal death is defined as death of a child with a birth weight of at least 500 g occurring antenatally or within the first 7 days after delivery. Stillbirth is defined as intrauterine death of a child with a weight of at least 500 g. Preterm delivery is defined as delivery before 37 completed weeks of gestation. Small for gestational age (SGA) was defined as a birth weight below the 3rd percentile, according to published reference values in a German population [15] . Obesity is defined as a BMI ≥ 30.
Educational levels were reported in 5 categories: unskilled workers, undergoing education, skilled workers, well educated (holding a college degree) and housewives. The group with higher education was used as reference group for the calculation of the risk for perinatal mortality. In the Perinatal Register of Tyrol, the term housewife is used as a separate category. However, this is an inhomogeneous group regarding educational level and for this reason we summarized this group in the group 'unknown educational status'.
Statistical analysis was done using STATA statistical software version 11 (StataCorp LP, College Station, Tex., USA). Univariate and age-adjusted odds ratios (OR) were calculated for perinatal mortality as the main endpoint unless otherwise specified. For the final analysis and in order to account for confounding, we applied a logistic regression model. A multivariate model was built starting with terms for age, postmiscarriage status, occupation, smoking, obesity, immigrant status, <4 prenatal care visits, mode of delivery, parity and SGA. Following a backward strategy, variables were tested for significance with the Wald test and dropped if they were not statistically significant. The variables maternal obesity, immigrant status, mode of delivery and SGA remained in the final multivariate model. Preterm birth was considered an outcome and therefore not included in the model. Different rates and medians in patient characteristics were tested with the χ 2 test and the Mann-Whitney U test. Values of p < 0.05 were considered statistically significant. Detailed patient characteristics are given in table 1 . In comparison to the reference group, mothers aged 35-39 years and ≥ 40 years or older were significantly better educated, less often smokers, less often of immigrant status, more likely to be obese and presented more often with <4 healthcare visits during pregnancy than their younger counterparts. Cesarean section was to a markedly greater extent the mode of delivery in women age 40 years or older.
Results

Between
The rate of preterm delivery was significantly increased in the 35-39 years of age group and in the ≥ 40 group in comparison to the reference group, as was the rate of babies with a birth weight between 1,000 and 2,499 g. There was no statistical significant difference in the median birth weights between the 3 groups and also not in the fraction of neonates with SGA.
Median gestational age at stillbirth was 32, 34 and 31 gestational weeks in the reference group, in the group of women aged 35-39 years and in the group of women aged ≥ 40 years, respectively. No difference in the mean or median duration of delivery was noticed between the age groups, even when separated by parity.
Three hundred and eight perinatal deaths occurred during the study period ( table 2 ). Women ≥ 40 years were affected by a more than twofold increased rate of perinatal mortality than their younger counterparts. The OR for antenatal deaths were 0.98 (CI: 0.67-1.43) and 2.57 (CI: 1.57-4.22) for age groups 35-39 years and ≥ 40 years, respectively. No significant differences in neonatal mortality rates were found ( fig. 1 ).
Perinatal mortality rates in the 3 age groups are shown in table 3 in detail. Smoking, obesity, immigrant status, <4 healthcare visits and cesarean section were significant risk factors for perinatal mortality in the age groups 35-39 years and ≥ 40 years, respectively. Low birth weight, preterm birth and SGA are the highest age-dependent risk factors for perinatal mortality.
The perinatal death rate in the SGA group was threefold higher in the ≥ 40 years of age group than in both younger groups. Perinatal death in the preterm birth group occurred more often in the ≥ 40 years of age group than in the younger age groups. Birth weight below Values represent number of women (%) unless otherwise indicated. n.s. = Not significant. Values represent number of women (%) unless otherwise indicated. 
Discussion
This study suggests that the risk for perinatal deaths in women aged ≥ 40 years is twice as high compared to the risk of women aged 25-34 years. This increment in risk is solely caused by an increased rate of stillbirths; the neonatal death rate is not significantly different between the age groups. Furthermore, we did not find an increased risk for perinatal mortality in the age group 35-39 years compared to women aged 25-34 years. We chose the women between 25 and 34 years of age to be the reference group, as the perinatal mortality in these women is particularly small [12] .
This was a hospital-based study and involved all hospitals of all levels of care in the state of Tyrol, Austria. Due to the structure of the Austrian health system, the study population includes the vast majority of all women living in this region and therefore it reflects the characteristics of the Tyrolean population. Less than 5% of women who delivered in these hospitals live outside the state of Tyrol, and only a minority of women living in the region deliver outside of this area. Thus, in contrast to many other studies, our study depicts the perinatal outcome of nearly the complete population although the study was hospital based. Therefore, our study describes the impact of maternal age on perinatal mortality in a typical central European region with different ethnic groups and varying socioeconomic standards. Zanconato et al. [16] previously demonstrated the impact of socioeconomic factors and ethnicity on the pregnancy outcome.
Our study includes all perinatal deaths regardless of the cause, and in particular includes also fetuses with malformations. In this way it reflects the age-related perinatal mortality rate of a typical central European state. To the best of our knowledge, studies covering perinatal mortality rates in women with advanced maternal age do not exist in Austria.
Several studies have investigated the impact of an increased maternal age on perinatal mortality. While the majority of studies show an increment in risk for perinatal death, the magnitude of this effect differs considerably ( table 5 ) . The differing results can partially be explained by differences in study design (hospital vs. community based), different definition of perinatal mortality, inclusion of different populations, adjusting for different risk factors, using different cutoff values for maternal age, etc. We limited this overview to recent studies as several studies [17] [18] [19] demonstrated that the risk of stillbirth has decreased.
In contrast to other studies [20] our population also included women who did not attend antenatal care. An important finding is the highly increased risk (OR = 15.92) for women who attended <4 antenatal health care visits. Inadequate antenatal care was also shown to be associated with stillbirth by Flenady et al. [21] . In Austria the management of pregnancy is highly standardized using an official document (Mutter-Kind-Pass) for recording the results of all examinations. Women, who attend at least 5 free-of-charge examinations including 2 ultrasound scans receive some financial incentive from the government. After the introduction of this approach in 1974, the perinatal mortality decreased significantly. However, 7.8% of women in our study attended <4 examinations. This is an important amendable risk factor that can improve the perinatal mortality rate.
Our study shows that in obese women of advanced maternal age, perinatal mortality is increased with an adjusted OR of 1.83 in the multivariate regression analysis. Whiteman et al. [22] found in women with increasing BMI in 2 subsequent pregnancies an elevated stillbirth risk with a hazard ratio between 1.2 and 1.5 depending on BMI before the first pregnancy and weight gain between the 2 consecutive pregnancies. Reyes et al. [23] showed that intense nutritional control in early pregnancy reduces the risk for perinatal adverse outcomes. Thus, obesity is an important risk factor for perinatal mortality, the impact of which can be diminished by control of maternal weight.
Biological mechanisms responsible for the increased risk for perinatal mortality are not yet known [24] . Myometrial underperfusion possibly due to sclerotic arterial lesions [25] and aging endothelium of older women are thought to be responsible for perinatal complications. Certainly, pregnancy-induced hypertension and gestational diabetes are observed more often in older pregnant women [26] and more than half of women experiencing stillbirth present with pregnancy-related complications [27] . Similar to other studies [5, 6, 28] , we observed an increased rate of preterm deliveries and, hence, an increased rate of low birth weights in older women; however, the rate of SGA is not significantly different between the age groups. It is noteworthy that perinatal death in the SGA group occurred 3 times more frequently in the age group ≥ 40 years than in the younger age groups. This suggests that there is another pathogenic factor contributing to an increased perinatal death rate in older women besides myometrial underperfusion. Our study showed stillbirth to occur at a median gestational age of 31 weeks for the age group ≥ 40 years, 34 weeks for the age group 34-39 years and 32 weeks for the reference group. This is in contrast to previous studies [26, 29] that demonstrated higher rates of antenatal death in older women at the end of pregnancy, and has important implications for the provision of antenatal care.
One limitation of this study is that we were unable to control for maternal diseases except adiposity. Maternal diseases are not consistently reported in the Perinatal Register of Tyrol. However, our study provides information for counselling women of advanced age planning to get pregnant in a high-income country with generally good medical care.
In conclusion, this study demonstrates that women ≥ 40 years carry an increased risk for stillbirth, but not for neonatal death. This risk is particularly high at around 31 gestational weeks. Important amendable risk factors are high BMI and poor antenatal care. These findings have important implications for the provision of health services.
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